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In the past several years, soy and its constituents received considerable attention because of their potential to reduce the formation and progression of certain types of cancers including cancer of the breast, prostate, and colon, and of some chronic diseases such as cardiovascular disease, osteoporosis, Alzheimer's disease, etc. (Head 1998; Messina 1999) . Soybeans are widely accepted as a "healthy food" and some of their pharmacological effects could be attributed to the presence of phenolic substances. These valuable constituents should be considered as an important feature of soybeans, besides protein and oil contents (Malenčić et al. 2007) .
The interest in the investigation of phenolic compounds from natural products has greatly increased in recent years because many of these substances found in plant tissues are potential antioxidants and their consumption may significantly contribute to human health (Naczk & Shahidi 2006) . To prevent oxidation of fats and oils, antioxidants are widely used in foods and cosmetics (Cuvelier et al. 1996) .
Extraction is a very important stage in the isolation as well as identification of phenolic compounds. Consequently, many authors have studied the influence of different extraction conditions (Stangler Herodež et al. 2003; Achouri et al. 2005; Lapornik et al. 2005; Spigno et al. 2007; Bucić-Kojić et al. 2007 ) on the extraction yields of phenolic compounds from natural sources. However, there is still no available standardised procedure for simultaneous extraction of all phenolics. Therefore, there is a need for systematic research related to the determination of food phenolics (Naczk & Shahidi 2004) .
Literature data on modelling and simulation of solid-liquid extraction of total polyphenols from soybeans are scarce. Therefore, there is a need for mathematical modelling of this process. The mathematical models are useful engineering tools which greatly facilitate the simulation, optimisation, design, and control of processes and contribute to the utilisation of energy, time, raw material, and solvent. For this reason, the aim of this work was to examine the influence of the solvent on the extraction yield of total polyphenols, and the temperature influence on the extraction kinetics. Because of the similarity between the extraction and sorption kinetics (Bucić-Kojić et al. 2007) , the goal was to examine the applicability of Peleg´s, Page's, and Logarithmic equations for modelling solid-liquid extraction of total polyphenols from soybeans variety Ika.
MATERIAL AND METHODS

Material.
The extraction was performed on conventionally grown soybeans variety "Ika" from the Agricultural Institute of Osijek. The first step was to remove foreign materials, such as sticks, stems, leaves, damaged seeds, and dirt from soybeans. The material was milled in a grinder (HR 2860, Philips), and after grinding, it was immediately stored at +4°C until the extraction. Dry matter content of the soybeans was determined by drying 5 g of milled soybeans at 105°C to the constant weight. The analyses were done in duplicates and the average dry matter content was noted as percentage. The moisture content was about 9%, i.e. the content of dry matter was about 91% in the sample of soybeans used in this study. The average particle size, d = 0.459 mm, was determined using sieve sets (Retsch AS 200, Haan, Germany) .
Extraction. In the test tubes, 0.5 g of the soybean sample was mixed with 20 ml of solvent. The extraction process was conducted on laboratory scale using a water bath (Julabo SW-23, Germany) for 120 minutes. During the extraction process, the test tubes containing the reaction mixture were incubated in the water bath with twenty-second shaking of each test tube in 15 min intervals with Vortex (Vibromix 10, Tehtnica, Slovenia). All extraction runs were performed in duplicates. The extracts obtained were separated after extraction from rough particles by decantation and were centrifuged (Sigma 2-16, Germany) at 15 000 g for 5 minutes. The supernatant was decanted and made up to the defined volume (20 ml). The supernatant was used for the determination of total polyphenols.
inf luence of solvent : The efficiency of total polyphenols extraction using different solvents (water and 50, 60, 70, and 80% aqueous ethanol solutions) at a temperature of 80°C was examined.
influence of extraction temperature: The extraction was performed at different temperatures (25, 40, 50, 60, 70 , and 80°C) with 50% aqueous ethanol solution which proved to be the most effective solvent for this experimental condition.
influence of extraction time: The extraction was performed at different extraction times (5, 10, 15, 20, 30, 40, 60, 90, and 120 min) at each extraction temperature with 50% aqueous ethanol solution.
Total polyphenolics assay. The concentration of total polyphenolic compounds in the extracts was determined by Folin-Ciocalteau micro-method (Waterhouse 2009 ) as follows: 40 μl of extract was mixed with 3160 μl of distilled water and 200 μl of Folin-Ciocalteau's phenol reagent. After 30 s to 8 min, 600 μl of 20% of sodium carbonate solution was added. All test tubes with the mixture were shaken for 10 s on the Vortex and incubated in a water bath at 40°C. The absorbance was measured after 15 min on UV/VIS spectrophotometer (UV-1700 Shimadzu, Japan) at 765 nm against blank sample. Blank sample was prepared with water instead of the extract. The determination of total polyphenolic compounds was carried out in duplicates and calculated from the calibration curve obtained with gallic acid, which was used as a standard. Final results were recalculated and expressed as gallic acid equivalents per dry basis of soybeans (mg GAE/g db ).
Kinetics of solid-liquid-extraction. The extraction curves (concentration of total polyphenols vs. time) have similar shape as the sorption curves (moisture content vs. time), which gave the possibility of using the same mathematical models for describing the kinetics.
The model proposed by Peleg (1988) was adapted for the extraction and used in the form:
The Peleg rate constant k 1 relates to the extraction rate (B 0 ) at the very beginning (t = t 0 ):
The Peleg capacity constant k 2 relates to maximum extraction yield, i.e. equilibrium concentration of total polyphenols extracted (c e ) when t →∞. Eq. (2) gives the relation between equilibrium concentration and k 2 constant:
The model proposed by Page was used, as follows:
where:
Logarithmic model was used as follows:
Statistical analysis. Statistica 8.0 (Stat Soft Inc., USA) was used to analyse the experimental data. The parameters of the proposed models were determined from the experimental data using non-linear regression (Quasi-Newton method). The concordance between the experimental data and calculated value was established by the correlation coefficient (R) and the root mean squared deviation (RMSD) as follows:
RESULTS AND DISCUSSION
The aim of this study was to examine the influence of different solvents (water, and 50, 60, 70, and 80% aqueous ethanol solutions), extraction temperatures (26, 40, 50, 60, 70, and 80°C) , and extraction times (5, 10, 15, 20, 30, 40, 60, 90 , and 120 min) on the extractability of total polyphenols from the soybeans variety Ika. Dry matter content was determined in all experimental runs and the total polyphenol concentration was expressed on dry basis, which generally provides a more accurate and reliable data comparison.
The results show (Figure 1 ) that the highest concentration of total polyphenols was obtained by applying 50% aqueous ethanol solution (3.045 mg GAE/g db ), while further increase of the ethanol concentration significantly contributed to a decrease of the extractability of total polyphenols from the soybean samples. The lowest extraction efficiency was obtained by using water as a solvent (1.119 mg GAE/g db ). An aqueous ethanol solution (50, 60, 70, or 80%) was selected as solvent due to Figure 1 . The effect of extraction solvent on extraction yield of total polyphenols from milled soybeans the environmental safety, low cost, and lower toxicity as compared to other solvents (e.g. methanol). Although for the food purposes water represented the best solvent selection, it water extracted as a polar solvent other undesirable macromolecules as well (protein, polysaccharide, etc.) especially at higher temperatures and pressures (Rostagno et al. 2003; Tsao & Deng 2004) . Spigno et al. (2007) found that a higher content of water in the ethanol/water solution (concentration of aqueous ethanol solution below 50%) reduced the extraction of polyphenols. Also, Rostango et al. (2004) found that it is necessary to add a certain amount of water (30-40%) to the extraction solvent in order to improve the extraction of phenolic compounds. The water content above 60% resulted in the reduction of the extraction yields of the same components. Using pure ethanol as solvent reduced the extraction efficiency since polyphenols, due to a number of hydroxyl groups (such as flavonoids, especially those containing sugars in the molecule), are hydrophilic, and as such generally more soluble in water-ethanol solutions than in pure alcohol. The reason for the low content of phenolic substances in water extracts can also reside in the increased activity of enzymes (polyphenol oxidase, PPO) that degrade phenolic substances, while in alcoholic media are these enzymes inactive (Lapornik et al. 2005) .
Similar data on the extraction yield of phenolic substances from soybeans have been published by Malenčić et al. (2007) , however, specific differences exist because of different methodologies of the experimental works as well as different varieties of the soybean samples.
According to the fact that 50% aqueous ethanol solution proved to be the most effective solvent, it was used as a solvent in further analyses for the kinetics of solid-liquid extraction at different temperatures (26, 40, 50, 60, 70 , and 80°C) during 120 minutes.
The results show (Figures 2, 4 and 6 ) that the maximum extraction degree was achieved at the extraction temperature of 80°C and extraction time of 120 min (4.322 mg GAE/g db ), while for the same extraction time the lowest amount of total polyphenols was extracted at 26°C (3.256 mg GAE/g db ). With the increase of the extraction temperature and extraction time, the amount of total polyphenols extracted from soybeans variety Ika also increased. The temperature increase resulted in most cases in an increase of the diffusion rate and solubility of the extracted substances while, on the other hand it should be taken into account that some important biologically active substances degrade at high temperatures (Cacace & Mazza 2003) .
The extraction curves (concentration of total polyphenols vs. time) have a similar shape as the sorption curves (moisture content vs. time), and due to that fact all these curves can be described using mathematical models of the mass transfer. Therefore, to describe the extraction kinetics, three mathematical models were used, those proposed by Peleg and Page, and the Logarithmic model. The constant value, correlation coefficient (R) Table 1 . The correlation coefficients were high in all experiments (0.985-0.994), and the root mean squared deviations (RMSD) were in the range from 0.100 to 0.190, which implied a good agreement between the experimental and calculated data. Figure 2 shows the extraction curves constructed on the basis of Peleg's model constants and their comparison with the experimental data. The figure demonstrates a good agreement of the experimental data with the approximation data using Peleg's model for solid-liquid extraction of total polyphenols from milled soybeans. Similar results were obtained for solid-liquid extraction of total polyphenols from grape seeds (Bucić-Kojić et al. 2007 ). The Peleg's model proved to be suitable to model the solidliquid extraction kinetics with total polyphenols from milled soybeans, which was proved by high correlation coefficients in all experiments and can be also seen from the correlation of the experimental and calculated values of total polyphenol concentrations using this model (Figure 3) .
The results of Page's model are shown in Table 1 . The values of correlation coefficient (R) were lower than in Peleg's and Logarithmic models and were in the range from 0.929 to 0.961.
The values of correlation coefficients obtained with the Logarithmic model (Table 2) were approximately equal to the values of Peleg's model (0.972-0.989), while with the former model, the lowest values were obtained of the root mean squared deviation (0.052-0.082) as compared to the other models.
In accordance with the Peleg's model, Page's and Logarithmic models (Figures 4 and 6) showed a Table 1 . Values of Peleg's constants I (k 1 and k 2 ) and Peleg's constants II (k and n) for solid-liquid extraction with correlation coefficient (R) and the root mean squared deviation (RMSD) From these results, a high initial rate of polyphenols extraction can be observed in the extraction curves, followed by a slower extraction rate, and asymptotically approaching the equilibrium concentration. More precisely, in the first 40 min, depending on the extraction temperature, from 86% to 94% polyphenols were extracted of the total amount extracted after 120 min under the given conditions.
CONCLUSION
The experimental results showed that the conditions during the extraction process had a significant influence on the extractability of total polyphenols from the soybeans variety Ika. It was observed that the solvent and extraction temperature had a significant impact on the kinetics and extraction yield of total polyphenols from milled soybeans of average particle size d = 0.459 mm at solid-liquid ratio 20 ml/g.
The highest efficiency of total polyphenols extraction, at a temperature of 50°C and 60 min of extraction was achieved with 50% aqueous ethanol solution (3.045 mg GAE/g db ). Applying 50% aqueous ethanol solution, 2.72 times higher amount of total polyphenols was obtained in comparison with that extracted with water. Furthermore, the exponential growth of the extraction yield in time was observed at all extraction temperatures examined.
The extraction yield of total polyphenols in soybean extracts was increased with the increase of extraction temperature and extended duration of the extraction process. The highest concentration of total polyphenols in the extract of soybean samples variety Ika was achieved at extraction temperature of 80°C after 120 min (4.322 mg GAE/g db ).
In the first 40 min, depending on the extraction temperature, from 86% to 94% of polyphenols was extracted of the total amount obtained after 120 min under the experimental conditions.
On the basis of statistical indicators, the applied models: Peleg (R = 0.985-0.994, RMSD = between the experimental and model calculated data, which allows the application of the above mentioned models for the purpose of modelling and optimisation of the process of solid-liquid extraction of total polyphenols from milled soybeans variety Ika
